SPACE FABRICATION: 
GRAPHITE COMPOSITE TRUSS WELDING 

and cap forming subsystems 


N80-19158 


L. H. Jenkins, NASA/Johnson Space Center 

D. L. Browning, General Dynaoics Convalr Division 


LSST 1ST ANNUAI. TECHNICAL REVIEW 


November 7-8, 1979 


247 



LSST SPACE FABRICATION 


Although funding limitations have precluded extensive support, LSST has 
provided some resources for beam builder subsystem technology studies. The 
contract with General Dynamic s-Convair is for nine months beginning September 25 . 


LSST SPACE FABRICATION 


• SPACE FABRICATION OF STRUCTURE BY A BEAM BUILDER IS NOT A 
MAJOR LSST ACTIVITY 


• FORMING AND WELDING OF COMPOSITES HAS BEEN SUPPORTED WITH 
tl25.000 


• GENERAL DYNAMICS-CONVAIR IS UNDER CONTRACT TO DO FORMIN AN 
WELDING WITH EXISTING BENCH TEST EQUIPMENT AND TO BUILD h 
PROTOTYPE TRUSS 

Figure 1 
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PROC.RAM OESCIUPTIOK 


The Grj»phite Composite Truss Welding and Cap Forndng Subsystems contract 
was ' ,an in late September 1979. This program description provides basi* con- 
traetual data, identifies all milesf, 'nes and shows the time spans planned for 
accomplishing each subtask within the three major task groups. The prograis is 
being conducted in accordance with the fallowing groundrules; 

Cap forming 

• On existing bench modei machine 
Welding 

• On existing commercial welder 

• General Dynamics Convair-develooed horn tips schedules 
Truss 

• Geometry, etementioim details, material per SCAFEDS. Part III 
(NAS9-15310) 

• Length, 4.90m {3 bays + std end cutoff) 

• Oie-foimed cross- members 

• instrumentation & load intro fittings provided 

• Tests conducted at JSC 

Material 

• Corisdlidated strip tor testing at LaRC; woven single-ply 
graphite glass: pofysulfone resin 


• Contract data 

— MAS 9-15973 — Value $120,102 

— Agency, NASA JSC — Cc ~act<x; Gwera! OynarrHcs Convar Oivta^xi 



cegenU a = Truss Assemoly F = F uture fat> ass^nibiy H = Report ▼ = Deliver to NASA 


C • Cap lorrr^'ng M = Matenal preparation T a. Test 

Figure 2 
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MJTOHAlll) BEAM BUILDER COKCERT 


The hernu builder concept developed during the SCAFEDS forais a triangular 

trws 1.3 Be ter a on a aide, flat strips of preconsolidated graphite fiber 
fabric in a poljrsulfone ©atria are coiled in a storage canister. Heaters raise 
We ©aterial to foming temperature then the structural cap section is foraed 
hy a series of rollers . After cooling cross wHcbers and diagonal tension cords 
are ultrasonically welded in place to conplete the truss. 



Figure 3 
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PHOTOTYPE CC^POSITE TlltSS TEST 

Bj-'caiise no perforiMnco data existed on tte lightweight graphite coaposite 
tr"«iai configuration planned for automated space fabrication, a test was performed 
using a display article fabricated under the Space Construction Automated Fabri- 
cation Experlaent Pefinltion Study (SCAFEOS). Although the graphite fiber and 
p».»tysul£one matrix were representative, the cap forming technique was not. 
Schedule incoispatihility dictated hand lay up/vacuuia cure on alualnua tooling 
in lieu of continuous roll -forming as originally planned. This resulted in 
undetected cracks on the free edges which in turn led to premature failure 
during compressive tests. A repeat test is planned with the truss built under 
this contract. 


PROTOTYPE COHPOSfTE TRUSS TEST 


TEST OBJECTIVE; TO OBTAIN EARLY DATA ON TORSIONAL STIFFNESS, DAMPING 
AND SHORT COLUMN STRENGTH. 

TEST ARTICLE: SCAFEDS DISPLAY, 3 BAY, 1.3 M X 4.9 H, 6.4 KG, 

GRAPHITE FIBER-POLYSULFOIC COMPOSITE 

TEST RESULTS: CRACKS IN EDGE OF OPEN CAPS AT 500 KG (1216 LB) LOAD, 

TEST STOPPED SHORT Of 1230 KG PREDICTED 

TEST AI^YSIS; 

• PREMATURE COMPRESSF/E FAILURE DUE TO UNDETECTED 

FIBER DAMAGE DURING FABRICATION LAYUP 

• TORSIONAL STIFFNESS LOICR THAN PREDICTe 

• DAMPING IN 22 RANGE 

CONCLUSIONS* 

• HIGH RISK IN TESTING ARTICLE NOT BUILT FOR THAT PURPOSE 

• REPEAT TEST WITH NEW TRUSS 

Figure 4 
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The white SCAFEDS truss test article is shown against the structural test 
"backstop" at JSC. Compressive load is applied to end loading fixtures by a 
hydraulic cylinder from the Apol lo-Soyuz docking test rig. Bending and torsion- 
al loads were applied to the upper fixture. 
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PROTOTYPE TROSS CAP FtK'-E CRACR 


This Is 3 photograph of one of twenty edge cracks observed during tlie coisi- 
pressioa test. The cracks were less than one centimeter long and occurred In 
ail three caps. They were randomly spaced, but none closer than 20 cm to each 
other. Some cracks had been detected and patched during fabrication while oth- 
ers went undetected until exposure under test loads. Hon-linear analyses as 
well as the results of several tests show that the edge tracking failure »de 
does not reflect the behavior of representative specimens. 



Figure 6 
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CAP STABILITY .^VALYSIS 


The Cijrapres^ive stability ef open triangular caps was assessed for both 

round- and shat p-cornored sections of enual nortJts'ter usinc the •tTAng c coTOmiter 
code ftef IK Linear bifurcation analyses showed that local buckling of the 
side Hats occurred first in both sections ami the dashed lines show a load- 
carrying advantage of about 7.6 times for the round-cornered section. 

A non-linear collapse tcrippliug> analysis was also conducted to determine 
the ultirmite .'-trcninh of the round -cornered section. The solid curve shows 
load vs. deflection »or this aualysis. which was continued to a load of 65838 
without indication of failure. Flexural (Euier) and torsional buckling allow- 
ables were also predicted by linear analyses, with torsional failure occurring 
first at a load of 13646S. Thus, the correct compression allowable lies between 
the crippling cutoff and torsional instability loads, resulting in a very large 
margin over the anticipated maximus SCAFE cap load of 316N. 


• LOCAiSUCKUMG 



• COtUMNn’ORSIOMAL SUOCUNG 


•CUHREMT ANALYSIS 

• BIFIWCATION f»ILV 

. ARTIHCAUY SyPWffSS 
LOCAL BUCitl 

•RimiCE AXI«. SWFNiSS BY i0% 

TO REFLECT ^ 2/?^ 

O 


MO»E 

PCR. N 

TORSION 

13.646 

COLUMN 

21 230 


O 

6.583 V PpAIUWE < 13.6*6 


•FUTURt EFFORT 

• CONTINUE NONLINEAR ANALYSIS 

• TEST FULL SPAN CAP 
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C\? SECTION- TESTS 


Cap strength and failure niode characteristics have been deteripined through 
several tests employing a setup similar to the one shown here. Low slenderness 
ratios are chosen to assure crippling failure, and strain gages are used during 
setup to assure uniformity of load introduction to the cross-section. Both the 
original laminated and later single ply materials have been tested. Results of 
laminated specimen tests and their close correlation with bifurcation analyses 
are given in ref. 1. Results for roll-formed single-ply specimens are shown 
and appear to indicate substantial benefit in initial buckling load due to the 
woven fiber construction. 


• Test set-up 



• Test resutts 

• RolMormed specimens 

• t - 0.032 in. 
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Figure 8 








CAP SECTlObJ CRIPPLING FAILURE MODE 


The cap failure mode seen in all tests to date is shown in the photo, 
with the direction of view as indicated. Typically, cracks initiate at the 
edges of a buckled side flat , and propagate into the adjacent corners as 
the load Is increased to ultimate. At failure the free edges remain 
unc acked. 



Failure detail 


Orientation 



Failure characteristics 

• Crack starts in side fiat 

• Propagates into adjacent corners 

• Free edge uncracked at pCC 


Figure 9 


SIMGLE-PLY STRIP MATERIAL 


During initial SCARED study effort a material design evolved which cosibined 
the benefits of two fibers (glass and graphite), thermoplastic resin, and a white 
pigmented coating into a strip material suitable for the SCAFE fabrication process 
and service environment . Properties of this "sandwlehed-graphite" multi-ply 
laminate, using then-available materials, were first predicted using conventional 
analytical techniques, and later verified by coupon tests. At the start of 
laminate evolution, however , the processing and forming benefits to be achieved 
by combining the desirable features of the constituent materials into a single- 
ply woven strip were already recognized. As weavable high-modulus graphite yarn 
became available, private development of single ply scrips began, adopting the 
SCAFE cap laminate as a baseline for fiber percent/orientation and thickness . 

How€»ver, a further valuable asset of single-ply material is the flexibility 
in gage selection since the ply thickness and stacking symmetry constraints of 
the laminate approach are eliminated. Consequently a new material , designed for 
increased stiffness plus Improvement in various ’’second-order" characteristics 
is now in development. Comparison with the original laminate shows a 201 gage 
reduction, significant weight decrease, a small but acceptable reduction of beam 
fundamental frequency and essentially unchanged local stability of the rap side 
flats. As an added benefit, it also permits cap/crossmember material cotaaon- 
ality. 


• MULTWPLY UMIN*T1 


• SIWaUEPLY • CHARACTOMSTICS 







§ PIGMENTED COATING 

GLASS FABRIC 

.0 GRAPHITE/QLASS FABRICS 
(X) PLY QUANTITY 


Composite vs. metallics 

• Improved properties 

• Low density 

• High strength 
» High stiffness 

• Superior thermal stmA-.u- 

• High huckling toad 

• Except Low fadmg strain 

• Less energy to produce 

• Expensive, feecommg cheaper 

Single ply vs, multi-ply 

• improved raw mstenal processing 

• Simoitcity cost 

• Umformity 

• Key properties rtUamed 

• High E 

• Low CTE 

• io,v transverse k 
» Improved forming 

• Less energy 

• No deiaminatioft 

• No thickness constraint 


Figure 10 


257 



CAP FORMING 


The beam builder system is comprised of eight subsystems, each of which 
consists of one or more subsystem modules. This concept permits each subsystem 
module to be developed separately before integrating the complete subsystem into 
the beam builder. 

The cap forming subsystem, for example, consi.Jts of three cap forming 
machines. General Dynamics Convair Division has built and demonstrated the pro- 
totype cap forming machine shown. It is being used to develop the materials, 
processes and techniques to be incorporated in tht flight beam builder cap 
forming machines. It will also be used to meet the objectives of this program 
by producing cap members for the test truss and cap test specimens for deter- 
mining local effects of column loaded cap members. Cap forming technology will 
be further advanced by the improvements to be made in forming roller and heater 
geometry, and through an evaluation of drive rate effects. 


• Flight beam builder concept • Prototype cap forming machine 



Figure 11 
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mo PROCESS DEVELOPMENT AND APPLICATION 


Early development of ultrasonic welding technology for joining 
polysuHone composites started with the evaluation of weld tips and welding 
schedules using small samples of both bare and coated material. This led to a 
joint design for the triangular truss beam, which not only connects the beam 

caps and crossmembers together but captures the diagonal cord within the welded 
zone as well. 


r. design was demonstrated with the fabrication and assembly of the 

If ft demonstration article produced during the initial phase 

of the SCAFEDS program. Improvements in this Joint design have occurred through 
subsequent development activity and will be employed in the truss test article 
to be produced under this contract. 


• Tip&'schedytes 





•Truss assembly 


WELDING IN PARTIAL VACUUM 


The existing data base for the ultrasonic welding of graphite/polysulfone 
composite material includes the performance of welds in partial vacuum using a 
vacuum chamber which encloses only the weld horn and weld specimen as shown. 
Results indicate no reduction of weld strength down to the vacuum levels achiev- 
ed with this approach. 

By placing the entire welder inside a vacuum chamber, the overall effects 
of in-vacuum welding on both the weld specimens and machine performance will be 
more thoroughly assessed, at vacuum levels approaching those to be experienced 
by the flight beam builder. 



5mm Hg 
Single-ply, 
Tj02-coated 
specimens 


chamber 


Figure 13 
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